Methods

Subjects
The study population consisted of community-dwelling Korean males aged 50 years and older. The subjects were participants in baseline surveys (2007) (2008) (2009) as part of the Dong-gu Study, an ongoing population-based prospective study designed to investigate the prevalence, incidence, and risk factors for chronic disease in community-dwelling persons aged 50 years and older. Only males were included in the analysis because of the extremely low prevalence of female smokers (1.9% of current smokers in this study and 1.8% of former smokers). Of the 2,644 participants, 131 were excluded from analysis because of incomplete information regarding their medical history, lifestyle characteristics, and anthropometric and biochemical measurements; an addition 10 subjects with missing information or poor images on carotid ultrasonography were excluded. A total of 2,503 subjects were included in the final analyses. This study was conducted in accordance with the Declaration of Helsinki guidelines. The study protocol was approved by the institutional review board of Chonnam National University Hospital, and written informed consent was given by all the study subjects.
Definitions of Smoking
Information on smoking habits was collected using a standardized questionnaire administered by well-trained research staff. Participants were classified according to their smoking status as never, former, or current smoker. Never smokers were defined as participants who had never smoked a cigarette or had smoked fewer than 100 cigarettes in their lifetime. Former smokers were defined as participants who had smoked at least 100 cigarettes in their lifetime, but did not currently smoke. Current smokers were defined as participants who had smoked at least 100 cigarettes during their lifetime, including at the time of the interview. For subjects who reported former or current smoking, pack-years, which is an indication of cumulative smoking exposure, was calculated by multiplying the number of years smoked with the average number of packs per day (1 pack=20 cigarettes). Based on their pack-years, participants were assigned to the following categories: 0 (never smoked), 0.1-20.0, 20.1-40.0, or >40 pack-years. According to additional information regarding the number of years that had passed since they quit smoking, former smokers were classified as ≤3, 4-10, 11-20, and ≥21 years and compared with the current smokers.
Carotid Ultrasonography
Carotid ultrasonography, image analysis, and assessments of reproducibility were performed as described previously. 13 Briefly, 2 well-trained ultrasonographers evaluated the carotid artery structure of all participants using a high-resolution B-mode ultrasound (SONOACE 9900; Medison, Seoul, Korea) equipped with a 7.5-MHz linear array transducer. IMT was determined as the distance from the media-adventitia interface to the intima-lumen interface on the far wall between the carotid bulb origin and a point 10 mm proximal to the common carotid artery (CCA) on the longitudinal view in a plaque-free region.
The CCA-IMT was determined as the average of the maximum IMT of the left and right CCAs. The presence of carotid plaque, defined as focal structures that encroached into the lumen by at least 100% of the surrounding IMT value, was determined from scans of the carotid artery segments, including the common, bulb, and internal carotid artery. The luminal diameter of the CCA (CCA-diameter) was determined as the mean of the luminal diameter of the left and right CCAs at a point 10 mm proximal to the carotid bulb origin.
Covariates
Demographic data detailing the lifestyle, medical history, and medications used by the subjects were collected using a standardized questionnaire administered by trained staff. Alcohol consumption was assessed using a structured interview; the amount of ethanol consumed per day was calculated from the average number of alcoholic beverages consumed. Physical exercise was categorized as none, irregular or regular. Body mass index (BMI) was calculated as the weight of the subject in kilograms divided by the height in meters squared. Blood pressure was measured using a mercury sphygmomanometer and the average of 3 consecutive systolic and diastolic readings was used in the analysis. After a 12-h overnight fast, venous blood samples were collected for measurement of serum total cholesterol, high-density lipoprotein (HDL) cholesterol, triglycerides, and fasting blood glucose levels by enzymatic methods. Low-density lipoprotein cholesterol was calculated by Friedewald's formula. All samples were analyzed using an automatic analyzer (model 7600 chemical analyzer; Hitachi Ltd, Tokyo, Japan).
Statistical Analysis
The baseline characteristics of the subjects based on smoking status are expressed as either means ± standard deviation or numbers (percentage). These values were compared using an analysis of variance for continuous variables and a chi-square test for categorical variables. An analysis of covariance and multiple logistic regressions were used to evaluate the association between smoking status, cumulative smoking exposure, and duration of smoking cessation with carotid artery parameters. Bonferroni's method was used for multiple comparisons (never vs. former, never vs. current, and former vs. current). In the analysis of smoking status and cumulative smoking exposure among current smokers, model 1 was adjusted for age; model 2 was adjusted for age, BMI, systolic blood pressure, fasting blood glucose, total cholesterol, HDL-cholesterol, uric acid, alcohol consumption, physical exercise, and the use of medications for hypertension, diabetes, and hyperlipidemia; and model 3 was adjusted for the other 2 carotid artery parameters in model 2. In the analysis of cumulative smoking exposure among current smokers, model 4 was further adjusted for the duration of smoking cessation. Pack-years was additionally adjusted in models 2 and 3 for an analysis of years since quitting smoking. Unadjusted and adjusted means ± standard errors and adjusted odds ratios (OR) and 95% confidence intervals (CI) were calculated. A linear trend in the association between smoking status, extent of cigarette exposure, and duration of smoking cessation with carotid artery parameters was determined by treating smoking categories as a continuous variable.
All statistical analyses were performed using the SPSS 15.0 software package (Chicago, IL, USA). P<0.05 was considered statistically significant. Smoking and Carotid Artery Structure
Results
Of the 2,503 subjects examined, 617 (24.7%) were never smokers, 1,288 (51.5%) were former smokers, and 598 (23.8%) were current smokers. The baseline characteristics of the study population according to smoking status are shown in Table 1 . Compared to the never and former smokers, the current smokers were younger, had lower BMI, used fewer antihypertensive medications, did less regular exercise, and consumed more alcohol. Data are means ± standard deviation or n (percentage). *P value obtained by ANOVA for CCA-IMT and CCA-Diameter, or by chi-square test for carotid plaques; † P value obtained by comparing never smokers and former smokers; ‡ P value obtained by comparing never smokers and current smokers; § P value obtained by comparing former smokers and current smokers; ¶ P value obtained after log-transformation. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein. Data are means ± standard error of mean or odds ratios (95% confidence interval). Model 1 was adjusted for age; model 2 was adjusted for age, BMI, SBP, fasting blood glucose, total cholesterol, HDL-cholesterol, uric acid, alcohol consumption, regular exercise, and use of medications for hypertension, diabetes, and dyslipidemia; model 3 was additionally adjusted for other two carotid artery parameters in model 2. *P value obtained by ANCOVA for CCA-IMT and CCA-Diameter, or by logistic regression for carotid plaque; † P value obtained by comparing never smokers and former smokers; ‡ P value obtained by comparing never smokers and current smokers; § P value obtained by comparing former smokers and current smokers. CCA-IMT, common carotid artery intima-media thickness; CCA-diameter, internal diameter of common carotid artery. Other abbreviations as in Table 1 . KWEON SS et al.
The carotid artery parameters according to smoking status are presented in Table 2 . The current smokers had a significantly greater CCA-IMT than the never and former smokers in models 2 and 3. The former and current smokers had significantly greater CCA-diameters than the never smokers in all adjusted models, and significant differences were observed between the former and current smokers in models 2 and 3. Although the former and current smokers had a significantly higher risk of carotid plaque than the never smokers in model 1, only the current smokers had a significantly higher risk of carotid plaque in models 2 and 3.
The relationship between cumulative smoking exposure Data are means ± standard error of mean or odds ratios (95% confidence interval). Model 1 was adjusted for age; model 2 was adjusted for age, BMI, SBP, fasting blood glucose, total cholesterol, HDLcholesterol, uric acid, alcohol consumption, regular exercise, and use of medications for hypertension, diabetes, and dyslipidemia; model 3 was additionally adjusted for the other 2 carotid artery parameters in model 2; model 4 was additionally adjusted for years since quitting smoking in model 3. *P<0.05, † P<0.01, ‡ P<0.001: compared with '0 pack-years' group (never smokers). § P value for trend obtained by ANCOVA for CCA-IMT and CCA-diameter, or by logistic regression using the categories of smoking amount as a continuous variable (0-3) for carotid plaque. Abbreviations as in Tables 1,2 . Smoking and Carotid Artery Structure (pack-years) and carotid artery parameters for the current smokers is shown in Table 3 . Increasing trends of CCA-IMT according to pack-years of smoking were observed in models 1, 2, and 3 (P=0.002, <0.001, and 0.001, respectively). Compared to the never smokers (0 pack-years), heavy smokers with 20.1-40.0 and >40.0 pack-years had a significantly higher CCA-IMT in all models. There was a significant, dose-dependent association between pack-years of smoking and CCA-diameter in all adjusted models (P<0.001), and all smokers with 0.1-20.0, 20.1-40.0, and >40.0 pack-years had significantly higher CCA-diameters than the never smokers. The risk of carotid plaque was significantly increased with pack-years of smoking in models 1 and 2 (P<0.001 and 0.024, respectively); however, no significant trend was observed in model 3 (P trend=0.146).
The relationship between cumulative smoking exposure and carotid artery parameters for the former smokers is shown in Table 4 . CCA-IMT tended to increase according to pack-years of smoking in all adjusted models (P=0.030, 0.031, and 0.067, respectively). Additionally, increasing trends of CCA-diameter according to cumulative smoking exposure were observed in models 1, 2, and 3 (P<0.001, 0.003, and 0.004, respectively). A significant linear trend in the presence of carotid plaque was observed in all adjusted models (P<0.001, 0.004, and 0.012, respectively). However, after adjusting for years since quitting smoking in model 4, no significant association between packyears of smoking and carotid artery parameters was found for the former smokers. Further stratified analyses by medication for hypertension and/or diabetes and/or dyslipidemia were examined. However, after adjustment for 'years since quitting smoking', no significant relationships between cumulative smoking exposure and carotid artery parameters were observed in either the medication group or the no-medication group.
The relationship between years since quitting smoking and carotid artery parameters is shown in Table 5 . CCA-IMT decreased with increasing years since quitting smoking in all adjusted analyses (P=0.002, 0.004, and 0.009 for models 1, 2, and 3, respectively). The adjusted CCA-IMT values for subjects who had quit 11-20 and ≥21 years ago were significantly less than for the current smokers in all adjusted models. Although no significant association between smoking cessation and CCA-diameter was observed in model 1, a significant inverse correlation was found between years since quitting smoking and CCA-diameter in models 2 and 3 (P=0.007 and 0.012, respectively). The risk of carotid plaque was negatively associated with years since quitting smoking in model 1 (P=0.006); however, this correlation was not statistically significant in models 2 and 3 (P=0.137 and 0.300, respectively).
Discussion
The results of our cross-sectional study of community-dwelling Korean males indicate that cumulative cigarette smoking exposure is a significant risk factor for carotid atherosclerosis, and that smoking cessation has significant beneficial effects that can circumvent this risk.
Cigarette smoking is a major risk factor for total and cardiovascular mortality. 14 It is estimated that 4.83 million premature deaths worldwide in 2000 were attributable to smoking, and that the leading cause of death from smoking was cardiovascular disease (1.69 million deaths). 15 Cigarette smoking is the leading cause of preventable death in the United States, 16 accounting for approximately 443,000 deaths and 5.1 million years of potential life lost annually in the United States during 2000-2004. 17 Smoking increases the risk and death of ischemic heart disease by 1.4-3-fold in Japan. 18 In addition, it has been reported that the 3 leading causes of death attributable to smoking are cardiovascular disease, cancer, and respiratory disease in the United States 19 and China. 20 Compared to lifelong nonsmokers, the relative risk (95% CI) of smoking for cardiovascular mortality was 1.17 (1.09-1.26) for males and 1.21 (1.10-1.34) for females in a large, prospective cohort study of a nationally representative sample of Chinese adults. 20 A significant dose-response association was found between the number of cigarettes smoked per day and the risk of total cardiovascular disease events in Japanese men. 18 Atherosclerosis is the underlying condition leading to the increased risk of cardiovascular disease mortality, and cigarette smoking is one of the most important risk factors for atherosclerosis. Although a number of epidemiological studies have examined the association between cigarette smoking and carotid atherosclerosis in Western populations, 4-8,11 few studies have investigated this association in Asian populations. 10 Recently, Liang et al reported that smoking was associated with an increased CCA-IMT both cross-sectionally and longitudinally among Chinese middle-aged and older adults. 9 Our results are consistent with those of previous studies showing a positive association between cigarette smoking and carotid atherosclerosis. 4-11 In our study, there was a significant difference between never smokers and current smokers in all carotid artery parameters. Our observations are confirmed by previous data. 4-9, 11 Moreover, we found differences in CCA-IMT and CCA-diameter between former and current smokers, suggesting that the effects of smoking on carotid artery structure are reversible. Although no significant difference in carotid IMT was found in some previous studies, suggesting that the effects of smoking are irreversible, 21,22 a significant difference was observed in others. 6,10,11, 23 The classification of smoking status into never, former, and current smokers has been questioned because lifelong smokers who have recently stopped smoking are categorized as former smokers, whereas smokers who started smoking only a few months ago are categorized as current smokers. Thus, cumulative smoking exposure, such as pack-years, should be taken into account to properly evaluate the effects of cigarette smoking on carotid atherosclerosis. Liang et al reported a significant dose-dependent relationship between pack-years and CCA-IMT with the risk of carotid plaque. 9 Further, Baldassarre et al found that carotid IMT was positively related to pack-years in former and current smokers. 11 In our study, we found a significant increasing trend between pack-years of smoking and carotid atherosclerosis in current smokers, confirming that the effects of cumulative smoking exposure on carotid artery structure are dose-dependent. 24-26 However, after adjusting for years since quitting smoking, the association between pack-years of smoking and carotid artery parameters among the former smokers was not statistically significant. These results suggest that the duration of smoking cessation rather than cumulative smoking exposure might have more significant effects on carotid atherosclerosis in former smokers.
Only a few epidemiological studies have reported that the duration of smoking cessation is inversely associated with CCA-IMT and the risk of carotid plaques. 7, 10 The Guangzhou Biobank Cohort Study found a significant inverse association between the duration of smoking cessation and both carotid IMT and carotid plaque, 10 suggesting that smoking cessation can delay or stop the progression of carotid atherosclerosis. In accordance with previous studies, 10 smoking cessation had beneficial effects on CCA-IMT and CCA-diameter in our study, whereas no significant negative correlation was observed between years since quitting smoking and carotid plaque. Some possible explanations for these differences include variation in smoking prevalence and adjusted confounding variables across studies. In addition, carotid plaque was defined as focal structures that encroached into the lumen by at least 100% of the surrounding IMT value, whereas in a previous Chinese study they were defined as a distinct area protruding at least 1.2 mm into the lumen. 10 
Study Limitations
There are some limitations to our study that need to be discussed. First, our study design was cross-sectional, so we cannot make causal inferences between cigarette smoking and carotid arterial structure. However, because we are planning to perform follow-up checks of our participants, the longitudinal effects of smoking and smoking cessation on the progression of carotid atherosclerosis will be evaluated. Second, information about smoking based on a questionnaire does not always reflect actual smoking exposure; it is possible that under-reporting of smoking exists. Also, accurate information regarding secondhand smoke exposure was not collected in this study. Misclassification of smoking status and cumulative smoking exposure due to measurement error might have attenuated the relationship between cigarette smoking and carotid atherosclerosis. Third, although this study used the presence of carotid plaque as an outcome variable, more precise analyses using plaque characteristics (volume, height, and echogenicity) are needed. The use of plaque presence as an outcome might have resulted in a weak or non-significant association between cigarette smoking and carotid plaque. Fourth, unmeasured confounding variables in our study could affect the association between cigarette smoking and smoking cessation with carotid artery parameters. However, to minimize the effects of confounding variables, a number of key potential cardiovascular risk factors, including carotid artery parameters, were adjusted. Fifth, we measured office blood pressure only, not 24-h ambulatory blood pressure. Therefore, the findings that CCA-IMT and CCA-diameter decreased since quitting smoking in former smokers might only reflect the reduction of 24-h ambulatory blood pressure, not remodeling of the carotid artery.
Despite these limitations, our study has several strengths. First, a large proportion of the community-dwelling population participated in this study. Second, the measurement CCA-IMT, carotid plaque, and CCA-diameter enabled us to more precisely evaluate the effects of smoking on carotid artery structure. Third, few studies have evaluated the association between cumulative smoking exposure and the duration of smoking cessation with carotid atherosclerosis.
Conclusions
Cumulative smoking exposure in current smokers and the duration of smoking cessation in former smokers are significant risk factors for carotid atherosclerosis. Considering the high prevalence of current smokers (52.3% of males) in Korea, 27 these findings have important public health implications.
